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PREFACE

This manual was developed by the Maryland Department of the Environment, Water Management
Administration, Dam Safety Division, in order to assist owners in the regular operation, inspection, and
maintenance of their dam. The information presented should also be valuable to many engineers who
are preparing construction documents for a proposed structure. It is intended to serve as an information
resource and educational tool for the dam owner and includes six basic sections: Owner Responsibilities,
Operation, Maintenance and Repair, Inspections, Construction, and Emergency Procedures. It is hoped
that this manual will be of assistance to the dam owner in becoming familiar with the general principles
and features of their facility as well as developing adequate skills of observation and safety inspection.
Timely maintenance can reduce expensive safety repairs at a later date.

Dam owners must maintain their facility in a safe condition. For this reason the main focus of this
manual is directed towards developing an operation and maintenance program for the dam owner.
Throughout the manual, it is recommended that the owner contact an engineer experienced with dams
when certain observations are made. The importance of this recommendation cannot be overemphasized.
Dams are complex structures and the causes and remedies of certain problems may not be obvious to
a layperson.

This manual was prepared and revised under the guidance of the Maryland Dam Safety Division
including Brad Iarossi, Harald Van Aller, Bruce W. Harrington, M.Q. (Cas) Taherian, Gene Gopenko,
Robert S. Norton, Brian S. Clevenger, and Tona Ives. The manual was modeled after similar
publications developed by the Ohio Department of Natural Resources, Division of Water, Dam Inspection
Section; the North Carolina Department of Natural Resources and Community Development, Division
of Land Resources, Land Quality Section; and the Commonwealth of Pennsylvania, Department of
Environmental Resources, Division of Dam Safety. In addition, similar publications from many other
states were also of considerable assistance. Funds for the development and distribution of this manual
were provided by the Association of State Dam Safety Officials through a grant from the Federal
Emergency Management Agency.

ASSOCIATION OF STATE
DAM SAFETY OFFICIALS

450 Old East Vine Street
Lexington, Kentucky 40507
Tel (606) 257-5140
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INTRODUCTION

A dam is defined as any obstruction, wall, or embankment, together with its abutments and appurtenant
works, constructed for the purpose of storing water. Dams may be constructed of earth, concrete, wood
or rock. Most dams in Maryland consist of an earthen embankment to store water and a combination
of spillways designed to pass water safely around or through the facility.

Millions of Marylanders are dependent on dams for water supply, flood control, power generation,
recreation and irrigation. High standards including proper design and construction of dams, properly
operated and well maintained dams and effective emergency warning plan can help prevent dam failures,
save lives and property and enable us to continue to enjoy the bepefit that dams provide.

Dams represent a potential danger. With the exception of a nuclear power plant, few manmade
structures have the potential to cause catastrophic disaster as dams do if they fail. This country has
witnessed some tremendous tragedies caused by dam failures including:

1)  The South Fork Dam failure (Johnson Flood) of 1889 which took the lives of 2,209 people in
Johnstown, Pennsylvania;

2)  The Buffalo Creek Dam failure in 1972 killed 125 people in West Virginia;

3) The Teton Daxh failure of 1976 caused 14 deaths and over $400 million in damages;

4) The Laurel Run Dam failure in 1977 killed 40 people in Pennsylvania; and

5)  The Kelly Barns Dam failure in 1977 killed 39 people and $2.5 million in damages.

For centuries, dams have provided mankind with the essential benefits associated with water. Modern
dams are often integrated into new communities to such a degree that they become a part of the
landscape and are forgotten as an engineering structure that needs periodic maintenance. However, a
well documented operation and maintenance program is necessary for every dam in order to detect
symptoms of deterioration and plan for timely maintenance. Every program should include:

1) periodic technical inspections,

2) periodic maintenance inspections, and
3) informal observations by the dam owner.




BUFFALO CREEK DAM FAILURE FEBRUARY 26, 1972

The following accounts of this tremendous tragedy are excerpted from Everything in Its Path
written by Kai T. Erikson, 1976.

"I walked to the back porch and saw my neighbors running and
screaming. I heard one say ’the dam.’ I then came running through
the house and told my wife to head for the hills. When I got to the
living room I saw the water rolling by the window. I knew then there
was no way out of the house, and all hope just vanished. My wife
started crying and praying. I saw a housetop going by with a friend of
mine on top. Then I heard a big crash and saw the big wave of water
coming with houses and trash in it. There was nothing we could do
but watch and pray for the best and wonder how long our house would
Sstand."

"4nd we stood there so helpless, couldn’t do ndthing. We were there
watching people trying to get out of the way, and the water just swept
them right down."

"One of our very close friends stayed drunk for almost five months
because he could still hear his brother and sister screaming for their
mother and his mother screaming ‘God help us’ when the water hit
them. Sometimes he talks with me about it and I get the impression
that he feels bad because he lived through it all. He is only twenty
years of age, but I guess sometimes he feels like a thousand years old."

"I looked up the road and saw it coming, the water. I said, "Here
comes a big old doll.” But when it got to me, I said ’Lord, that’s a
kid,” and I took off down the creek after it."

"I can’t forget the horrible expression in her eyes and on her face. She
looked as though she was scared to death, not drowned."
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OWNER
- RESPONSIBILITIES

The investment in safety must be accepted as an integral part of any existing or proposed dam,
and not an extra item that can be eliminated if the budget is tight. This concept of safety
applies throughout all phases of the project, from planning through design and construction, and
most importantly throughout the life of the structure. A typical dam is not constructed to last
indefinitely. As dams age they typically require increased efforts to operate and maintain them.
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JOHNSTOWN FLOOD OF MAY 31, 1889

The following personal accounts, described by observers and survivors of this tragic dam
failure which killed 2,209 people, were selected from The Johnstown Flood of 1889, The Tragedy
of the Conemaugh, by Paula and Carl Degen, Eastern Acorn Press, 1984,

"It came like a thief, and was upon us before we were aware. Already
when it reached us it had numbered its victims by the hundreds.
Mineral Point and East Conemaugh were gone, a passenger train was
engulfed. Woodvale was swept away. Conemaugh Borough was
shaved off as if by the sharp surface of an avalanche; in a moment
Johnstown was tumbling all over itself; houses at one end nodded to
houses at the other end and went like a swift, deceitful friend to meet,
embrace, and crush them. Then on sped the wreck in a whirl, the
angry water baffled for a moment, running up the hill with the town
and the helpless multitude on its back, the flood shaking with rage, and
dropping here and there a portion of its burden--crushing, grinding,
pulverizing all. Then back with the great frame buildings, floating
along like ocean steamers, upper decks crowded, hands clinging to every
support that could be reached, and so on down to the great stone
bridge, where the houses, piled mountain high, took fire, and burned
with all the fury of hell you read about."

"Everything about us was in inextricable confusion, showing the effects
of the terrific convulsion through which nature and humanity had
passed. Here were uprooted trees, houses upturned or demolished,
fumiture of every description--hardware, woodenware, parlor omaments
and kitchen utensils, mattresses, bodies of horses, cattle and swine,
corpses of men, women, and children, railroad cars and locomotives-
-overturned or on end, and pressing down upon the half-buried bodies
of the drowned." [The Reverend David J. Beale]

"The flood showed no mercy: it struck down young and old, man,
woman, and child. One of the saddest stories is that of the Fenn
family. The flood claimed the father and seven children. If God had
spared me one I could have been resigned. But all, all! Father in
Heaven, is not my cross heavier than I can bear?"

"Death by violence due to the flood caused by the breaking of the dam
of the South Fork Reservoir. We find the owners of said dam were
culpable in not making it as secure as it should have been, especially
in view of the fact that a population of many thousands were in the
valley below; and we hold that the owners are responsible for the
fearful loss of life and property resulting from the breaking of the dam.
(The Cambria County coroner’s inquest)."
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OWNER LIABILITY

The dam owner is liable for the damages
resulting from a dam’s misoperation or
failure that would result in a sudden -release
of water downstream. In assessing the legal
liability for a dam failure, there are two
basic theories that are used, strict liability
and negligence.

o

Earth Dam Failure

Strict Liability

The theory of strict liability essentially
imposes liability as a risk of doing business
and is derived from the old English case of
Rylands v. Fletcher. In this case, a dam and
reservoir were constructed by the defendants
on a parcel of property with the owner’s
permission. A shaft gave way and caused
the impounded water to destroy the
plaintiff’s property. The court ruled for the
plaintiff, holding that when one brings onto
his land, and collects and keeps there
anything likely to do mischief, if it escapes,
and it is a non-natural use of the land, he
must keep it at his peril. The rule is that a
defendant is liable when he damages another
by a thing or activity unduly dangerous, in
light of the place and its surroundings.

The concept of strict liability has been
extended widely to activities that are
considered abnormally dangerous. The basis
for this is the risk of harm and potential
magnitude of that harm. Factors to be
considered in strict liability include the

degree of risk, the potential gravity of harm
should the risk materialize, the exercise of
reasonable care, whether or not the activity
is one of common usage, the appropriateness
of the activity to the locality, and its value
to the community.

Negligence

The alternative theory of liability is one of
negligence, which is the most commonly
utilized cause of action in tort litigation.
Negligence is generally defined in terms of
failure to exercise the standard of care of a
reasonable person under similar circumstan-
ces. This standard in turn is based on the
reasonable foreseeability of the risk. It is
important to emphasize that the ultimate
question though is, whether in light of that
forseeability, how a reasonable person would
have acted taking into account the potential
magnitude of harm and the alternatives
available. Thus, negligence can consist of a
failure to act, or the failure to act in a
reasonable manner.

Keep Off!

In Maryland, the General Assembly has added
statutory requirements on top of the common
law strict liability and negligence doctrines.
Construction and repair of dams require
state permits and those permits contain
specific conditions for maintenance.  Size,
location, design, and public safety are all
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issues addressed by State law and regulations. The
Administration may order structures built without
permission to be drained or removed.

It is the owner's responsibility and obligation to act
in a reasonable manner to inspect and maintain the
dam and its appurtenances. Additionally, the Dam
Safety Division of the Water Management
Administration performs periodic safety inspections
of Maryland dams. After each inspection, the owner
is presented with a summary of findings and
maintenance recommendations. These
recommendations should be implemented to insure
the dam's continuing safety.

Public Safety

In addition to the responsibility for dam
maintenance, owners should also be aware of their
responsibility for public safety. This includes the
safety of people not authorized to use the facility.
"No Trespassing" signs should be posted and fences
and warning signs should be erected around
dangerous areas. Liability insurance can also be
purchased to protect the owner in the event of
accidents.

In conclusion, dam owners have both the legal and
moral obligation to keep their dam in repair. The
following guidelines should be followed:

* Periodically monitor the condition of the
dam and correct any deficiencies.
Depending on the size of the structure and
its operational history, this could mean
anything from a occasional casual site
inspection to a full scale annual evaluation
by a professional engineer experienced in
dam design.

* When the dam is inspected by the State
Dam Safety Division, recommendations
should be carefully reviewed and repairs
made shortly thereafter.

o If abnormal conditions develop at the
dam, or the dam shows signs of potential
failure, the owner must be prepared to
notify local and state authorities so every
action possible can be taken to protect lives
and property downstream, as well as the
dam itself.

4 Maryland Dam Safety Manual (Rev. 11/2003)

Riparian Rights

Care should be taken by owners when releasing or
impounding water to protect the rights of
downstream property owners. The system of
riparian rights has been established through the
courts, and permits each riparian owner to make a
"reasonable" use of the water, having regard to the
same rights existing for the other downstream
riparian owners.

Professional Assistance

A dam with its associated works is a complex
structure. Engineers who are experienced in the
design, construction, and inspection of dams should
be consulted for many of the operation guidelines
and maintenance techniques identified in this
manual.

The owner or operator of the dam should always
keep in mind that each structure is unique in its
construction and operation. When contacting a
professional for assistance, there can be no
substitute for the availability of historical records
and documentation on the operation of the facility.
Therefore, it is extremely important to follow the
guidelines suggested in this manual.

Assistance in the form of technical advice and
historical records is available from the Maryland
Department of the  Environment,  Water
Management Administration, Dam Safety Division,
1800 Washington Blvd., Suite 440, Baltimore,
Maryland 21230-1718, Phone (410) 537-3538, Fax
(410) 537-3553



DAM SAFETY LAWS

Maryland laws and regulations place upon
the dam owner the responsibility of con-
structing and maintaining a safé facility.
These laws have been in existence since 1933
and are updated periodically in order to keep
pace with changing engineering technology.

The Maryland Dam Safety Division issues
permits to construct new dams or make
‘major alterations to existing structures. The
major emphasis of the administrative permit
process is placed on the safety and longevity
of the dam. In addition, the capabilities of
the owner to operate and maintain the
facility are also considered.

A chronology of the legislative history of
Maryland’s Dam Safety Program can be found
in the Appendix. In addition, the most
current Rules and Regulations governing the
construction of dams are included to provide
guidance to the dam owner.
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UNAUTHORIZED
CONSTRUCTION

The modification of a dam or spillway
without adequate engineering design and
supervision could result in the spillway or
dam being inadequate in capacity or func-
tion. This could lead to a costly repair or
complete failure of the structure.

One of the more common errors made by
dam owners is raising the mnormal pool
elevation by permanently elevating the crest
of the principal spillway. This action not
only results in a decrease in storage
available during a flood event, but also
restricts the capacity of the spillway by
reducing the total depth available to "push"

water through the spillway. Raising the
normal pool will usually cause the emergency
spillway to flow more frequently than its
design allows, thus increasing the overall
maintenance cost. Furthermore, raising the
normal pool without a state permit is a
violation of Maryland dam safety laws.

It is important for the dam owner to realize
that each part of the dam is equally
important to the safety of the entire
structure. Seemingly minor changes to the
dam can cause misoperation or reduce the
margin of safety that has been designed into
the structure. For this reason, any proposed
modifications to the dam require a state
permit and should be discussed with the Dam
Safety Division.

Unauth9rized raisingv of the lake level with the addition of cinder blocks
to this spillway structure. This modification resulted in the necessity to

brace the spillway.

6 Maryland Dam Safety Manual

1f heavy rains were to occurr, the spillway would
not be able to handle the incoming flows.




OPERATION

The types of dams discussed in this manual are normally used to store water for irrigation,
water supply, recreation, and to provide stormwater management and flood control. Operation
of these types of dams will rarely "push" water through the spillway. Raising the normal pool
will usually cause the emergency spillway to flow more frequently than its design allows, thus
increasing the overall maintenance cost. Furthermore, raising the normal pool without a state
permit is a violation of Maryland dam safety laws.

It is important for the dam owner to realize that each part of the dam is equally important to
the safety of the entire structure. Seemingly minor changes to the dam can cause misoperation
or reduce the margin of safety that has been designed into the structure. For this reason, any
proposed modifications to the dam require a state permit and should be discussed with the
Dam Safety Division.

Maryland Dam Safety Manual (Rev. 3/96) 7
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COMMON DAM ELEMENTS

Dams can be constructed of various materials
such as concrete, earth, rock, and wood. Many
of the common dam types are listed in the
glossary. In Maryland, the different types of
dams are listed in the adjacent chart:

As one can see, the majority of dams are
constructed of earth. Therefore, the primary
focus of this manual will be toward this type
of dam. The figure below illustrates the

common elements of an earthen dam. Maryland Dams
By Type
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OPERATION PLANS

The owner of each dam should adhere to a
prescribed operation and maintenance
program in order to insure the safety
welfare of his investment. An effective
operation program provides all of the
necessary information for the owner to
perform the tasks routinely required to
operate and maintain the dam. The extent of
the operation plan depends on the complexity
of the dam itself. Regardless of the size of
the structure there are many similarities
between operation plans. The most effective
plans are usually the simplest.

Site Inspection

The principal elements of an effective
operation plan are presented below:

Background Data A typical dam owner
possesses a good deal of information
about his facility. Very often the
information is scattered about or
reviewed so rarely that it is of little
use. This section of the operation plan
serves to organize available background
data to make it more accessible.

Schedule of Routine Tasks A schedule
that includes both day-to-day tasks as
well as tasks performed less frequently
throughout a given year is important.
The schedule serves to formalize
inspection and maintenance procedures
such that the owner could determine
when a task is to be performed by
merely consulting the schedule.

10 Maryland Dam Safety Manual

Emergency Procedures Perhaps the most
important section contains a formal plan
for reacting to dam emergencies. It
involves coordination between the dam
owner/operator, local agencies, and
downstream residents.

Record Keeping

The owner should maintain a complete and
up-to-date set of plans and specifications
("as-built" drawings) for the dam, which
should show <all changes made over time.
Knowing how a dam, its spillways, and other
appurtenances were constructed or modified
is very helpful in diagnosing problems.

Operation of a dam should include keeping
accurate records of the following:

Observations: All observations should be
recorded. Of particular importance is
the periodic observation of existing
seepage to detect any changes in flow.
Photographs are valuable for recording
observations and changes.

Maintenance: Written records of main-
tenance and major repairs will be impor-
tant in periodic safety evaluations of the
dam.

Record Keeping

Rainfall and Pool Levels: A record of
the date, hour, and maximum elevation
of extreme high water events and the
associated rainfall is especially helpful in
evaluating the performance of the dam
and its spillway system. Rain gauges are




available at any local farm or garden
store. Lake level staff gauges can be
easily made, or measurement numbers
can be painted on existing structures in
the pool area.

Drawdown: A record should be kept of
the amount, rate, and reason for pool
level drawdown.

Other Operational Procedures: A
complete listing of operational proced-
ures should be maintained.

Reservoir Staff Gauge

General Instructions

The form on the following page is provided
for the convenience of the dam owner or
operator in keeping monthly records. This
periodic monitoring program will help to
develop a well documented history of the
operation and performance of the facility.
Guidelines in recording information are as
follows:

Rainfall and Pool Level - Spaces have
been provided for one month’s records if
daily readings are made. At a minimum,
rainfall and pool level records should be
kept of significant (very large) rainfall
events. Weather conditions should
include: rainfall duration and intensity
estimates; temperature; ice and snow
cover conditions; etc. General observa-
tions of the spillway performance and
condition of the dam should be made.

Maintenance Performed - Maintenance
and operation of equipment can be
recorded under these headings. For
example, if the lake drain is operated
periodically, the date can be recorded
here. Minor repairs, such as patching of
spillway concrete or joints should also
be recorded.

Flow Amounts - Records can be kept of
any flows which are being periodically
observed. Others could apply to seepage
flow estimates. of a certain area.
Weather conditions during the observa-
tion are important to note.

Maryland Dam Safety Manual 11




OPERATION AND MAINTENANCE RECORDS

DATE TIME | RAIN POOL WEATHER GENERAL OBSERVATION CORDED
(inches) | LEVEL CONDITIONS Ok COMMENTS NS RECZS
MAINTENANCE PERFORMED COMMENTS RECORDED
FLOW AMOUNTS RECORDED |
— — WEATHER AND COMMENTS BY
DATE LEFT | RIGHT | WEIRS OTHER

12
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MONITORING DEVICES

Various devices such as weirs, piezometers,
and settlement monuments are used to
monitor earth embankments and concrete
gravity structures. These devices can be
used to determine if the structure is
performing as designed, to detect signs of
serious . problems, or to provide further
information after a problem has been
detected. The use of extensive instrumenta-
tion is usually limited to large dams or those
structures for which little design and
construction documentation is available. A
full-scale monitoring and instrumentation
program requires professional design.

V-notch Weir for Seepage Monitoring -

Monitoring by a private owner is usually
limited to visual observation. It is very
important that the observations be made
periodically and accurately recorded. Several
checklists for this purpose have been
included in this manual. Owners are
encouraged to use photographs with identify-
ing dates and labels as a permanent record.
These photos should be kept with the other
dam records.

The following devices can easily be used by
owners to monitor their embankments:

Weirs, Flumes, and Buckets Flow rates
for weirs and flumes are obtained from
a calibration chart that relates the
depth of flow to gallons per minute of
flow. The flow from pipe outlets can be
measured by timing how long it takes

to fill a bucket of known capacity. In
order for the readings to be meaningful,
they must be taken at regular intervals
that are frequent enough to establish
trends of seasonal variations in pool and
groundwater levels as well as other
factors that can affect the seepage rate.
Many times after installation, weirs and
flumes are neglected and good readings
become useless for lack of comparative
data. The v-notch weir is probably the
most commonly used device to measure
flow rates of seepage.

Yardstick or Folding Rule This portable
monitoring device is not only inexpen-
sive but has a number of uses. It can
be wused to measure cracks, scarps,
erosion gullies, settlement, trees, wet
areas, and slab or wall movement.
Again, records should be kept of all
observations for comparative purposes.

Camera Photographs which have been
dated and labeled provide an excellent
record of existing conditions, and if
taken periodically from the same
locations, can be used for comparison.
Photographs should be taken during all
inspections to supplement written and
visual observations. They are valuable
in documenting the location and severity
of wet areas, erosion, and concrete
deterioration.

Settlement monuments, piezometers, observa-
tion wells, and inclinometers are often found
on large dams and are described briefly.

Their installation requires professional
assistance.
Finished | Brass Plate
Grade Marker
LIRS
12” Cast in " |
Place Concrete _ ||
Postwith I F .
Reinforcing 11 =
Bars ], T

- o

Survey Monument Detail
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Settlement Monuments are usually installed
along the crest of the dam to check its
vertical and horizontal alignment (with
known reference points and elevations).
Measurements of these monuments must be
precise and are obtained using surveying
instruments.
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Polyethylene
Jacketed Nylon Disk Filter

Observation Wells (technically known as
open standpipe piezometers) can be
installed in the embankment and are
used to determine the water levels.
Measurements are made with a water
level indicator that is lowered into the
well.

Stainless Steel

Tubing  Flexible Diaphragm Porous Stone

Epoxy 4062 Dia. /F“te' Polyethlene Plug
N\ i/ —
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i-_4.5"‘——_-—l :
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SINCO Pore-Pressure
Transducer

To Pore Pressure
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3" Minimum

Diameter Peliet
Boring Seal
: ISR &
Pore-Pressure
Transducer
Porous 3" Sand

Filter

Pneumatic Piezometers

Piezometers are instruments used to
measure the water pressure in the
embankment and foundation. Pore
pressure within the embankment can be
determined from these readings.




MAINTENANCE
AND REPAIR

The importance of proper dam maintenance cannot be overemphasized. A regular program of
inspection and care will help to keep many major problems from developing and avoid more
costly repairs at a later date. The Water Management Administration requires all dam owners
to maintain their facility in a safe condition so that it may not endanger human life or property
located above or below the facility. Routine maintenance is defined as minor maintenance that
does not modify the original design parameters of the facility. The Water Resources
Administration requires the issuance of a Maintenance and Repair Permit for any repairs or
maintenance that involves the modification of the dam or spillway from its original design and
specifications. A permit is also required for any repairs or reconstruction that involve a
substantial portion of the structure. '

In general, maintenance items are required for the following major areas:
EMBANKMENT

SPILLWAY AND OUTLET WORKS
RESERVOIR

Maryland Dam Safety Manual (Rev. 3/96) 15
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EMBANKMENT

The embankment section of the dam is usually constructed of earth or rock. Embankment dams
are built with different design sections. Internal zoning of material ranges from simple to
intricate. Practical experience suggests that embankment slopes should be easily maintainable
while providing an adequate factor of safety against failure. Because the embankment is the

main feature of the dam, the owner should provide for routine maintenance of the slopes and
crest.
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VEGETATION

The establishment and control of proper
vegetation 1is an important part of dam
maintenance. Properly maintained vegetation
can help prevent erosion of embankment and
earth channel surfaces. Proper maintenance also
ensures a healthy stand of vegetation that can
withstand extreme climatic conditions and pest,
weed, or disease infestation better than poorly
maintained vegetation. The uncontrolled growth
of vegetation will damage embankments and
concrete structures and make close inspection of
the dam difficult. Aesthetics, unobstructed
viewing during inspections, maintenance of a
nonerodible surface, and discouragement of
burrowing animal habitation are reasons for
proper maintenance of the vegetative cover.

NO TREES ALLOWED!

Ground Covers

Grass is the most common type of vegetation
found on an embankment. Grass is an effective
and inexpensive way to prevent erosion of
embankment surfaces. If properly maintained, it
also enhances the appearance of the dam and
provides a surface that can be easily inspected.
Roots and stems tend to trap fine sand and soil
particles, forming an erosion-resistant layer once
the sod is well established. Grass vegetation is
least effective in areas of concentrated runoff,
such as the contact of the embankment and
abutments, or in areas subjected to wave action.
In these areas a riprap channel is recommended.

Types of vegetation that have been used on

dams in Maryland are tall fescue, red fescue,
clover, redtop, and sericea lespedeza. Deep
rooted grasses should be planted in vegetated
earth spillways. One hundred percent Kentucky
31 Fescue is excellent for erosion protection.
Seeding should be accomplished between
optimum planting dates. Seeding late in the year
may result in winterkill of young seedings. The
following spring an inspection of the seeded area
should be made to determine if plant survival is
satisfactory.

Before seeding, fertilizer and lime should be
applied. Exact quantities necessary will vary
with soil type and condition, and can be
determined by having the soil tested. The
fertilizer and lime should be raked, disced, or
harrowed into the soil to a depth of not less than
4 inches. Periodic fertilization is necessary to
maintain vigorous vegetation. Immediately
following seeding, the area should be mulched.
Mulching materials should be kept in place with
a mulchanchoring device or with asphalt
emulsion.

Additional information on the proper selection
of grasses and legume mixtures, seeding rates,
optimum planting dates, and vegetation
maintenance is available in the "Maryland
Standards and Specifications for Sediment and
Erosion Control."

Trees and Brush

The presence of trees and brush is the most
common form of neglect in the area of
embankment maintenance. Uninformed owners
will often allow trees and brush on their dams.
Woody vegetation is, however, one of the
dam's worst enemies, and will lead to more
serious maintenance problems if not
controlled.

Trees and brush should not be permitted on
embankment surfaces or in vegetated earth
spillways. Extensive root systems can provide
seepage paths for water. Trees that blow down
or fall over can leave large holes in the
embankment surface that will weaken the
embankment and can lead to increased
erosion. Brush obscures the surface and limits
visual inspection, provides a haven for
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inspection, provides a haven for burrowing
animals, and retards growth of grass vegetation.
Tree and brush growth adjacent to concrete
walls and structures may eventually cause
damage and should be removed.

FS

Trees that have been allowed to grow on the
dam should be removed so desirable vegeta-
tion can be established and the surface can be
mowed. The stumps can be removed either by
pulling or with machines that grind them down.
For trees greater than eight inches in diameter,
all woody material should be removed to about
24 inches below the ground surface. The
cavity should be filled with well compacted soil
and grass vegetation established.

Stumps less than eight inches in diameter may
be left in place if cut flush with the ground
and treated with a silvicide.

Stumps of trees in riprap cannot easily be
removed, but should be chemically treated so
they will not continually form new sprouts.
The removal of large trees and stumps is
expensive and usually requires the use of heavy
construction equipment.

Mowing and Brush Removal

Embankments, areas adjacent to spillway
structures, vegetated channels, and other areas
associated with a dam require periodic
maintenance of the vegetative cover. Grass
mowing, brush cutting, and removal of woody
vegetation (including trees) is necessary for the
proper maintenance of a dam. All embankment
slopes and vegetated earth spillways should be
mowed or trimmed at least once a year. Brush
removal is also important beyond the
downstream toe of the dam in order to allow
inspection for "boils" (see Seepage).

Methods used in the past for control of
vegetation that now may be considered
unacceptable include chemical spraying and
burning. More acceptable methods include
the use of weed whips, power brush-cutters
and mowers. It is important to remember to
use the proper equipment for the slope and
type of vegetation to be cut, and to always
follow the manufacturer’s recommended safe
operation procedures.

Tree/Stump Removal
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EROSION

Whether on a slope or at a spillway outlet,
erosion is a common maintenance problem on
the embankment structure. ©Erosion is a
natural process and its continuous forces will
eventually wear down almost any surface.
The rate of erosion is directly related to the
lack of vegetation. Periodic and timely
maintenance is essential in preventing
continuous deterioration, more costly repairs
at a later date, and possible failure of the
dam.

Embankment Erosion
Vegetated Surfaces

A sturdy sod, free of weeds and brush, is
one of the most effective means of erosion
protection. Embankment slopes are normally
designed and constructed so that the
surface drainage will be spread out in thin
layers as "sheet flow" on the grassy cover.
When the sod is in poor condition or flows
are concentrated at one or more locations,
the resulting erosion will leave rills and
gullies in the embankment slope. The owner
should look for these areas and be aware of
the problems that may develop.

Prompt repair of eroded areas is required to
prevent more serious damage to the embank-
ment. Rills and gullies should be filled with
suitable soil (the upper 4 inches should be
topsoil, if available), compacted, and then
seeded. Methods described in the section on
vegetation should be wused to properly

establish the grassed surface. Erosion in
large gullies can be slowed by stacking bales
of hay or straw across the gully until
permanent repairs can be made.

Erosion Left Unattended

Repairs of the eroded areas should also

~address the cause of the erosion in order to

prevent a continuing maintenance problem.
Erosion may be aggravated by improper
drainage, settlement, pedestrian traffic,
animal burrows, or other factors. The cause
of the erosion will have a direct bearing on
the type of repair needed.

Paths from pedestrian traffic are problems
common to many embankments. If a path
has become established, vegetation in this
area will not provide adequate protection
and more durable cover will be required
unless the traffic is eliminated. Small
stones, asphalt, or concrete have been used
effectively to cover footpaths. Embedding
railroad ties or other treated wood beams
into an embankment slope to form steps is
one of the most successful and inexpensive
methods used to provide a protected
pathway.

Worn areas also result from unwanted two
and four-wheel vehicle traffic. Control of
these vehicles is discussed in the section on
vandalism.

Another area where erosion commonly occurs
is the contact between the embankment and
the concrete walls of the spillway or other
structures. Poor compaction adjacent to the
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wall during construction and subsequent
settlement could leave an area lower than
the grade of the embankment. Runoff often
concentrates along these structures, resulting
in erosion. Possible solutions include
regrading the area to slope away from the
wall, adding more resistant surface protec-
tion, or constructing wood beam steps.

Pedestrian Path Erosion
Abutment Contacts

Adequate erosion protection is required along
the contact between the downstream face of
the embankment and the abutments. Runoff
from rainfall concentrates in these gutter
areas and can Treach erosive velocities
because of the steep slopes. Berms on the
downstream face that collect surface water
and empty into these gutters add to the
runoff volume. Sod gutters may not
adequately prevent erosion in these areas. A
well graded mixture of rock with stones that
are 9 to 12 inches in diameter, or larger,
placed on a stone filter or filter fabric
provides the best protection on small dams.

Paved concrete gutters do not hold up well,
will not slow the velocity of the water, can
become undermined, and therefore are not
recommended. Groundhogs often construct
burrows underneath these gutters, possibly
since burrowing is easier due to existing
undermining.
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Erosion adjacent to gutters results from
improper construction or design where the
finished flow line of the gutter is too high
with respect to adjacent ground. This
condition prevents all or much of the runoff
water from entering
the gutter. The flow
concentrates alongside
the gutter, erodes a
N gully, and may
eventually undermine
' the gutter.

Care should be taken when replacing failed
gutters or designing new gutters to assure
that:

1. The channel has adequate capacity,

2. Adequate protection and a satisfac-
tory filter have been provided,

3. Surface runoff can enter the gutter,
and

4. The outlet is adequately protected
from erosion.

Riprap Gutter Construction

12” dia. stone

Filter _7 S S

Fabric

Riprap Ditch Detail




SLOPE PROTECTION

The upstream face of a dam is commonly
protected against wave erosion by placement
of a layer of rock riprap over a layer of
filter material. This provides a surface on
which the wave energy can dissipate.

Riprap should consist of a heterogeneous
mixture of irregular shapes placed over a
filter material. The maximum rock size and
weight must be large enough to break up the
energy of the anticipated wave action and
hold the smaller stones in place. Generally,
the largest stones should be at least 12
inches in diameter. The smaller rocks help
to fill the spaces (or voids) between the
rocks in the riprap. If the filter ma